Induction therapy followed by esophagectomy has become standard for treatment of intermediate-stage esophageal cancer in many centers. Herein we evaluate the feasibility and safety of the 3-hole minimally invasive esophagectomy (3HMIE) approach in patients who received induction radiation and chemotherapy. Between 2003 and 2012, the records of 119 consecutive patients with esophageal cancer who underwent 3HMIE were reviewed for perioperative complications and long-term outcomes. Comparison was made between procedures performed for patients receiving neoadjuvant chemoradiation and patients who were treated with only surgery. Of them, 78 patients received neoadjuvant chemoradiation and 41 patients were treated with only surgery. Tumor locations were upper (2), middle (16), distal (64), and gastroesophageal junction (37). In all, 76 patients were at clinical stage IIA or above at presentation. Increased requirement for blood replacement in the induction therapy group was significant compared with the surgery-only group. Operative time, estimated blood loss, proximal and distal margin lengths, and length of stay were not significantly different between the cohorts. There was a 30-day perioperative death (0.8%), and this patient was from the surgery-only group. No conduit necrosis or need for diversion was recorded. Overall, 5-year survival was 62% among the 107 patients with early-stage esophageal cancer. 3HMIE is feasible with low mortality and acceptable morbidity even in patients with locally advanced esophageal cancer who received neoadjuvant radiochemotherapy. Overall perioperative and survival outcomes are similar to or better than those reported in the published literature on esophagectomy after induction therapy.
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Overall survival for 107 patients with cancer of pathologic stage 0-2.
Central Message
Neoadjuvant CRT and MIE have become more prevalent in practice for the treatment of esophageal cancer. 3HMIE can be safely performed in patients treated with not just induction chemotherapy but also radiation with good outcomes.
Perspective
MIE is safe and feasible in patients after receiving both neoadjuvant chemotherapy and radiation therapy. This study describes the experience of a highvolume center that has achieved low mortality and acceptable morbidity in comparative cohorts of patients who received neoadjuvant treatment and no treatment before surgery. The perioperative and survival outcomes presented are similar to or better than those reported in the published literature on esophagectomy after neoadjuvant therapy. 
INTRODUCTION
During the past 2 decades there has been an increasing incidence of esophageal cancer in the western world, thought to be related to the corresponding increase in prevalence of Gastroesophageal Reflux Disease, Barrett's esophagus, and obesity-all risk factors for esophageal adenocarcinoma. [1] [2] [3] The increasing incidence of adenocarcinoma affecting mostly the distal esophagus and the gastroesophageal junction has made esophageal cancer the eighth most common malignancy in the United States. Surgical resection remains the gold standard treatment of early and locoregionally advanced, nonmetastatic, middle, and distal esophageal cancer.
Multiple surgical approaches have been used to accomplish esophagectomy. The differences among them relate to the techniques of approach to the thoracic esophagus, the extent of resection and lymphadenectomy, and the site of the anastomosis. Regardless of the approach used, esophagectomy continues to be a relatively high-risk and complex operation, particularly in the postchemoradiation (CRT) setting. Pulmonary complications, in particular, remain high, increasing the postoperative mortality rates. 4, 5 General advances in laparoscopic and thoracoscopic skills as well as innovative tools prompted some surgeons to perform minimally invasive esophagectomy (MIE). Various operations have been performed using the minimally invasive approach, such as Ivor Lewis, transhiatal, and the 3-incision esophagectomy. 4, [6] [7] [8] [9] [10] Since the initial reports by Luketich et al, 12, 11 several other clinical series have shown beneficial results of MIE, claiming decreased postoperative complications. 7, 13 However, most of the initial cases have been early-stage cancers, highgrade dysplasia, or patients undergoing neoadjuvant chemotherapy alone. Only a few groups have used this approach for the more locally advanced esophageal malignancies, treated before surgery with neoadjuvant CRT combination therapy, 14, 15 which has been thought to be associated with higher rates of perioperative complications. 14, 15 To address the paucity of published large series of minimally invasive "3-hole esophagectomy" in the setting after neoadjuvant CRT therapy, we focus herein on this specific group. The aim of this study was to demonstrate the feasibility of performing a MIE in patients who have been treated with neoadjuvant radiation as other published series have focused on patients treated with only neoadjuvant chemotherapy. We present our technique, which is a slight modification of published ones, as well as the operative, oncologic, short, and long-term results and advantages of the MIE approach in this setting.
METHODS

Patients and Data
As of 2005, a prospective database of all esophagectomy cases performed at the Division of Thoracic Surgery at our institution has been maintained. In addition, the entire retrospective data set of all esophageal surgeries at our institution since 1988 was linked with the prospective database with institutional review board approval. All patients who underwent thoracoscopic and laparoscopic minimally invasive esophagectomy (3HMIE) from May 1, 2003 until June 30, 2012 were included this study. Each patient's medical record was reviewed for demographic and clinical data. Operative parameters included estimated blood loss (EBL), procedure duration, intraoperative complications, and operative technique. The records were also assessed for perioperative and pathologic data including extubation time, intensive care unit stay, transfusion needs, length of hospital stay, postoperative complications, 30-and 90-day postsurgery mortality, histology, pathologic staging, number of lymph nodes resected, and number of involved lymph nodes. Patients were staged according to the American Joint Committee on Cancer classification, seventh edition. The cohort was then divided into 2 groups: patients who received neoadjuvant CRT and the patients who had surgery alone.
Fisher's exact and Wilcoxon rank-sum tests were used to compare the 2 groups to evaluate any differences in the preoperative characteristics as well as intraoperative and perioperative outcomes, depending on whether the data are categorical or continuous. The 30-day and 90-day mortalities are defined, respectively, as death during the first 30 and 90 days following the date of surgery. Follow-up duration was defined from the date of surgery until the date of death or last documented follow-up; the cutoff date for follow-up was August 13, 2013. Overall survival was estimated by the Kaplan-Meier method, with censoring of patients who have not died. Median follow-up was reposted among all patients still alive. The difference between stage groups was assessed by the log-rank. All P values are based on a 2-sided hypothesis. Statistical analysis was performed using SAS 9.4 (SAS Institute, Cary, NC).
Patient Preoperative Evaluation
All patients underwent preoperative staging and evaluation with upper endoscopy and biopsy, endoscopic ultrasound, chest and abdominal computed tomography, and positron emission tomography. Patients with early cancer were referred directly to surgery, whereas most patients with locally advanced tumors defined as T2 and up, or N1 and up, underwent preoperative neoadjuvant CRT. Patients who received preoperative CRT were operated approximately 4-6 weeks after induction therapy completion.
Surgical Technique
A 10-minute video of this approach, is available through the AATS learning center (http://webcast. aats.org/2013/Learning-Center.php). 16, 17 The 3HMIE technique used in our study is a specific approach previously described by our institution. See operative technique described in supplemental appendix online.
RESULTS
Study Cohort
From May 2003 through June 2012, 838 patients underwent esophagectomy, 485 open approach, 153 hybrid minimally invasive technique (thoracoscopy and laparotomy or thoracotomy and laparoscopy), and 200 MIE. There were 77 Ivor Lewis and 123 3HMIE and this latter group constitutes the core clinical cohort described herein.
Patient and Disease Characteristics
In all, 78 (63%) patients received neoadjuvant CRT followed by surgery, whereas 45 patients (37%) were treated with surgery alone (Table 1 ). The surgery-only group included 2 benign pathologies (stricture and achalasia) and 1 patient with Barrett's esophagus who had intractable pain and reflux symptoms as well as a patient with melanoma. Their data are not included in the analysis of the surgeryalone group, which is focused on those 41 patients with primary esophageal tumors that could have been potential candidates for neoadjuvant CRT. The induction chemotherapy was platinum based with either paclitaxel, irinotecan, or 5-fluorouracil. The induction radiotherapy median dose was 50.4 Gy. The usual indication for induction CRT was stage T2N0M0 or greater. There were a few patients with IIA or IIB esophageal cancer who did not receive neoadjuvant therapy before surgery based on surgeon's or patient's choice. Although there was a statistically significant difference in the clinical stage distribution between the 2 groups, the groups were comparable in most other parameters. In both groups, most of the patients were men, and the median age at operation was 63 years. The histological diagnosis was malignant or premalignant primary esophageal tumors in both groups. The 2 groups displayed adenocarcinoma histology predominance, 62 (79%) in the neoadjuvant group and 19 (46%) in the surgery-only group. There was a higher incidence of squamous cell carcinoma in the neoadjuvant group (N ¼ 15, 19%, vs N ¼ 2, 5%, in the surgery-only group). The surgery-only group included 20 (49%) cases of high-grade dyplasia. Most of the tumors in both groups, 65 (83%) in the neoadjuvant group and 36 (88%) in the surgery-only group, were located in the distal esophagus and gastroesophageal junction.
The preoperative body mass index was significantly higher in the surgery-only group compared with the neoadjuvant group (body mass index Z30: 42% vs 19%, P ¼ 0.002). In the neoadjuvant group, 28 (36%) patients underwent pretreatment staging laparoscopy and jejunal feeding tube placement for tube feeds during the CRT therapy period. Only 1 patient (2%) in the surgery-only group presented with malnutrition or dysphagia that required tube feeding before the operation. The preoperative albumin level was lower in the neoadjuvant group compared with the surgery-only group (median ¼ 4.0, range: 2.7-4.9 vs 4.3, range: 2.3-4.9, P o 0.001). The median preoperative hematocrit (HCT) was lower in the neoadjuvant group compared with the surgery-only group: median 35 (range: 29-45) vs 41 (range: 29-48), P o 0.001. The incidence of preoperative comorbidities was similar between the 2 groups, 52 (67%) vs 27 (66%). The main comorbidities were noted to be cardiovascular. Most of the patients had prior surgery, specifically abdominal surgery, which is a risk factor for conversion to open surgery owing to potential adhesions that could have led to other complications during the more complicated dissection. The American Society of Anesthesiology classification score for the 2 groups was comparable.
Technical Complications and Operative Results
There were no significant differences between the 2 groups in terms of operative duration, EBL, time to extubation, and length of hospital and intensive care unit stay ( Table 2 ). The median operative time was 386 minutes (238-653) in the neoadjuvant group and The initially long operating times were attributable to the learning curves. A significantly higher proportion of patients in the neoadjuvant group were transfused, N ¼ 50 (64%), compared with the surgery-only group, N ¼ 14 (34%), P ¼ 0.002. There was 1 patient in the neoadjuvant group with an intraoperative complication, whereas none occurred in the surgery-only group. A patient had a small bowel injury mandating bowel resection.
A transcervical gastric tube was inserted in most patients at a similar rate (N ¼ 54, 69% in the neoadjuvant group and N ¼ 23, 56% in the surgeryonly group) with the rest having a transnasal gastric tube. Pyloroplasty or pyloromyotomy was performed in a similar minority of patients in both groups. These 2 technical steps in the surgery were based on the surgeon's preference.
Pathology Results
A patient in the surgery-only group was found on pathological analysis to have low-grade dysplasia and no evidence of high-grade dysplasia or invasive adenocarcinoma. R0 resection was achieved in 72 (92%) patients in the neoadjuvant group, and in 41 (100%) patients in the surgery-only group. R1 resection with o0.1 mm positive margins was noted in 6 cases in the neoadjuvant group, all radial. The distributions of proximal and distal margins were similar between the neoadjuvant and the surgery-only groups: medians of proximal 8.2 and 8.9 cm, and distal 7.0 and 6.1 cm, respectively. No significant difference was found in the number of lymph nodes dissected, with a median 16 lymph nodes (range: 3-35) in the induction CRT group and 17 (range: 1-39) lymph nodes in the surgery-only group. Complete response was observed in 27 (35%) patients who received CRT, and partial response in 45 (58%) patients.
Postoperative Complications
There were no significant differences in the 30-day postoperative complication rates between the 2 groups ( Table 3 ). The CRT group had a combined major and minor complication rate of 78% (N ¼ 61) vs 68% (N ¼ 28) in the surgery-only group. Most complications were minor, and were mainly pulmonary, cardiac, and wound infections. All the cardiac complications were related to arrhythmias. None of the patients developed myocardial infarction. Most of the pulmonary complications were pneumonia requiring antibiotic treatment, pleural effusion not requiring aspiration or drainage, and mild temporary asymptomatic aspiration diagnosed on a contrast swallow done routinely on postoperative day 7. Although there was no significant difference in the incidence of wound infection at the neck incision between the patients who underwent 3-hole esophagectomy after neoadjuvant treatment and those who had only surgery, there was a minimally higher incidence of infection with the placement of a transcervical gastric tube. A transcervical gastric tube was placed instead of a nasogastric tube to decompress the neoesophagus after esophagectomy for improved patient comfort and mobility, 18 but this practice was aborted.
There were no differences between the neoadjuvant group and the surgery-only group when comparing the incidences of anastomotic leak (N ¼ 8, 10% vs N ¼ 3, 7%), anastomotic stricture requiring early dilation (N ¼ 7, 9% vs N ¼ 4, 10%), vocal cord injury (N ¼ 4, 5% vs N ¼ 2, 5%), and chylothorax (N ¼ 5, 6% vs N ¼ 2, 5%), respectively. An 
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Seminars in Thoracic and Cardiovascular Surgery Volume 27, Number 2 esophagram to assess for anastomotic and conduit leaks is routinely performed 7 days after surgery. Anastomotic and conduit leaks not contained on imaging were treated with surgical exploration and drain placement. A patient in the surgery-only group also required an endoscopically placed stent for leak treatment.
The 30-day mortality for the entire cohort was 0.8%. The single case of perioperative death was due to a transfusion reaction on the first day after surgery, and occurred in the surgery-only group. The 90-day mortality was 3% for the whole cohort. Additional 2 deaths included a patient who had postoperative acute (superimposed on chronic) renal failure and cardiac arrest, was discharged to a rehabilitation center on postoperative day 77, and was reported to die 4 days after his discharge. The other patient was discharged to a rehabilitation facility after a complicated postoperative course, with delirium and aspiration. He died on postoperative day 55. All 3 causes of death were related to postoperative complications. Another patient died on postoperative day 75 due to stage 4 cancer with pulmonary metastases discovered at surgery.
The surgery-only group has slightly longer followup than the neoadjuvant group does. The median follow-up was 32 (9-77) months in the neoadjuvant group, and 37 (12-123) months in the surgery-only group among all patients still alive at the last followup. (Supplementary Table S4) The 5-year survival for the entire cohort with early-stage esophageal cancer is 62% (Fig. 1A) , and the induction therapy group has a 5 years survival of 49% (Fig. 1) . Figure 2A demonstrates the overall survival by pathological stage in the induction therapy group. The 5-year survival in this earlystage group was found to be 50% for stage 0, 76% for stage I, and 22% for stage II, where stage 0 represents complete response of previously 
Seminars in Thoracic and Cardiovascular Surgery Volume 27, Number 2 more advanced cancer (P ¼ 0.119). Figure 2B demonstrates the overall survival of early-stage patients per pathologic disease stage in the surgeryalone groups: Stage 0 82%, stage I 82% (P ¼ 0.813); and stage II survival is not estimated as it is based on only 3 patients. The median survival of early-stage patients for the neoadjuvant treated group was 51 months and was not reached yet for the untreated cohort.
DISCUSSION
This study summarizes the operative and postoperative results of 119 patients with primary esophageal malignancy who underwent a 3HMIE in a single institution over a period of 10 years and compares these results between patients who received induction neoadjuvant CRT and patients who had surgery alone. There were no significant differences between these 2 cohorts in terms of perioperative complications, leading us to conclude that 3HMIE is a feasible and safe approach even in patients who receive neoadjuvant CRT.
Up until several years ago, esophagectomy was considered to be a high-risk procedure when performed after induction CRT therapy. The presumed high morbidity of esophageal surgery after induction therapy, especially combined with radiation, deterred many surgeons and oncologists from considering this approach. 19, 20 A few recent publications showed excellent and even superior survival results for open esophagectomy after neoadjuvant chemotherapy or CRT therapy, as reflected in particular by the Chemoradiotherapy for Oesophageal Cancer followed by Surgery Study (CROSS) trial, where MIE was not performed routinely. 15, 21, 22 There are limitations of this study that all relate to the retrospective nature of the analysis. Patients were not randomized and this was not an "intent to treat" study. Nevertheless, this is a large study with acceptable follow-up for 3HMIE in patients who were treated with CRT, and sufficient to delineate the detailed surgical results and outcomes.
The minimally invasive approach to esophageal surgery is becoming more common for oncologic cases, and there is a rapid rise in the number of MIE cases performed today. 23 Most of the major studies of MIE for cancer have proven that it is associated with comparable surgical and oncologic results to open operations. However, most studies to date did not include a large number of patients who have received both chemotherapy and radiation before MIE surgery.
The induction CRT itself did not seem to pose greater technical difficulties, or to cause more intraoperative complications as reflected by similar median operative time, similar low rate of intraoperative complications, relatively low and comparable mean EBL, and a small number of blood products used in the perioperative period. This finding is consistent with open esophagectomy comparisons, suggesting that the induction therapy does not result in additional mortality or morbidity. The only difference between the 2 groups was found to be the number of patients needing transfusion. This was significantly higher in the neoadjuvant group, possibly associated with the lower preoperative hematocrit in this group. Most of the patients usually receive intraoperatively a large volume of fluids (colloids and crystalloids), which cause hemodilution. A lower preoperative baseline HCT may result in a lower postoperative HCT, which sets a lower threshold for packed red blood cells transfusion during and after surgery. However, among the transfused patients, patients in the neoadjuvant group were not administered significantly more packed red blood cells units than those in the surgery-only group. Given the evidence in other oncologic procedures that blood replacement is associated with less favorable cancer-related survival, our results suggest that better strategies for blood conservation are required in this patient cohort.
Most of the patients who received preoperative CRT demonstrated only a partial or no response, whereas 35% showed complete response, which is similar to the response rate reported in the CROSS study. 22 Advanced stage at presentation, bulky tumors, or lack of complete response to induction therapy were not contraindications for MIE in our patients. These characteristics made the surgery more challenging, but did not seem to affect the postoperative complication rate.
There were no major differences between the 2 groups in terms of postoperative complications. When compared to other reported series, the observed complication rates postesophagectomy were similar or better. For example, the anticipated pulmonary and cardiac complications occurred less frequently than the published, reported rates for open esophagectomy and other large MIE series. [23] [24] [25] [26] The postoperative complications such as conduit necrosis and requirement for diversion did not occur in our cohort. The incidences of anastomotic leaks, vocal cord paralysis, and chylothorax were equally low in the 2 groups. The leak rate requiring surgical intervention was 3% (N = 2) in the neoadjuvant treatment group and 2% (N = 1) in the surgery-only group. This incidence is lower than recently published data of anastomotic leak after 3HMIE, 23, 24 supporting our hypothesis that neoadjuvant CRT does not compromise cervical anastomosis healing.
Our overall vocal cord injury rate of 5% (N = 6) is comparable to those in other MIE large series reports, but is much lower than the reported rate in an open 3-hole procedure even though the neck part of the operation is performed in the same open way. 23, 27 This might be explained by a better minimally invasive mobilization of the esophagus, which facilitates a less traumatic passage and dissection at the neck level, as well as by our technique of placing a Penrose drain tied around the esophagus to guide the dissection in the neck and avoid nerve injury.
Our data also show satisfactory and equivalent oncologic resection between both groups, with a very high rate of R0 resection, adequate proximal and distal surgical margins, and an extensive lymph node dissection. The neoadjuvant group included 6 cases of radial R1 resection. Of these 6 patients, 1 had progression of disease, 2 had no response, and 3 patients had partial response to the neoadjuvant
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Seminars in Thoracic and Cardiovascular Surgery Volume 27, Number 2 therapy. Positive margins were considered as less than 1 mm, and in all of these cases wider resection was deemed technically impossible. These results are comparable to results published in other minimally invasive and open esophagectomy studies. 23, 24 The overall 30-day mortality was 0.8%, which is, lower compared with open and other prior MIE series publications. 23, 27 No remarkable 30-day mortality difference was found between the 2 groups. The overall 90-day mortality was 3% for the whole cohort, and similar in both treatment groups. We believe that both 30-and 90-day mortality should be reported in future esophagectomy studies as these might better reflect intermediate-range outcomes.
Finally, the overall 5-year survival for the entire group of 107 patients with early-stage esophageal cancer was 62%. The overall 5-year survival for the neoadjuvant group was 49%, which is similar to the results of open procedures after induction therapy in the CROSS trial. 22 These data also lend support to the claim that MIE does not jeopardize oncologic outcomes after neoadjuvant therapy in locally advanced disease. Pathologic stage 0 in the induction therapy group actually represents a more advanced disease that was downstaged to stage 0 after completion of CRT with an overall 5-year survival of 50%.
CONCLUSIONS
This study demonstrates that 3HMIE is a safe and suitable oncologic procedure, appropriate for the treatment of both early and locoregionally advanced esophageal malignancies. Similar operative and postoperative outcomes were found after induction CRT as compared to surgery only. Therefore, the 3HMIE is feasible in clinically advanced disease after induction CRT, with low mortality and acceptable morbidity.
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